The aim of this multicenter, cross sectional study was to assess the prevalence, incidence and associated risk factors among incarcerated populations from twelve Brazilian prisons. The total of 3,368 individuals from twelve prisons was randomly recruited between March 2013 and March 2014. Participants were interviewed, and provided blood samples which were tested for antibodies to Hepatitis C (HCV ab). One year after the first investigation, a cohort study was conducted with 1,656 inmates who participated the cross sectional study. Positive samples were tested for the presence of HCV RNA. Out of 3,368 inmates, 520 (15.4%) were females, and 2,848 (84.6%) were males. The overall prevalence of HCV was 2.4% (95% CI: 1.9 to 2.9), with 0.6% (95% CI: 0.4 to 0.8) in females, and 2.7% (95% CI: 2.1 to 3.3) in males (p<0.01). HCV RNA was detected in 51/80 (63.7%) samples. Among men prisoners, multivariate analysis of associated factors showed independent associations between HCV exposure and increasing age, inject drug use, length of incarceration, smoking hashish, sharing needle and syringe and HIV positivity. During the cohort study, 7/1,656 new cases of HCV infection were detected, and the incidence rate was 0.4/100 personyear. Once high frequency rates of specific HCV risk behaviors and new HCV infections have been identified inside prisons, effective interventions strategies such as screening, clinical evaluation and treatment to reduce the spread of HCV infection are essential.
Introduction
Hepatitis C virus (HCV) infection is one of the major public health problem worldwide, with approximately 170 million people infected [1, 2] . In Brazil it is estimated that 1% to 2% of general population is infected with HCV [3] . a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Worldwide, more than 10 million people are incarcerated in jails and prisons. Brazil's number at 607,731 prisoners, has tripled nationwide over the last 20 years and ranks fourth in the world in relation to the rate of prison population [4, 5] . The prison population is considered at high risk of acquiring infectious diseases related to confined conditions due to behavioral factors related to injection drug use, needle-sharing, non-professional tattooing and unprotected sexual activity. These risky behaviors may precede imprisonment and frequently continue during incarceration [6, 7] .
The Mato Grosso do Sul state is uniquely positioned in the Central-West region of Brazil on the border of Bolivia and Paraguay allows advantageous geography for trafficking in illegal drugs. Also, this State is left with the proportionally largest prison population in the country, concentrating 13,000 inmates, which is double its capacity. There are more prisons built in this area probably due to the high rates of drug-trafficking crimes [8, 9] .
Given the lack of prevention policy on HCV infection in Brazilian prisons, the aim of this study was to estimate the prevalence, incidence rates, and predictive factors of HCV infection among prison inmates from 12 prisons in Midwest Brazil.
Methods
The cross-sectional survey was carried out between March 2013 and March 2014. Based on the information from the State Agency of the Administration of Prisons, at the time of our study there were about 9,913 inmates at 21 closed penal institutions. In the "closed" subset of the system, the prison time is enforced in a penitentiary, and the inmate is at all time subjected to supervision.
Twelve of the 21 closed high security prisons in the 5 largest cities in the state (Campo Grande, Corumbá, Dourados, Ponta Porã and Três Lagoas) were included (Fig 1) [10] . The sample size was calculated based on the expected 2% prevalence of HCV with a variation of 1%, power of 80% and alpha-type error of 5%. The study population is 7,221 prisoners, and the sample size was 3,159 prisoners. We added 20% more individuals (total, 3,771 prisoners) to account for anticipated loss due to refusal to participate (Fig 2) . Proportional stratified sampling was performed using each prison as a unit of randomization. On the data collection day, the prisoners were ordered numerically in ascending order from the lists provided by the prison, and a list of random numbers was generated using the Epi-Info 6.04 software (Atlanta, GA, USA). In order to be eligible to participate, patients had to be (a) aged 18 years or older (b) in prison custody (c) able to consent for themselves (d) suitable to be interviewed by a researcher alone (no risk markers), and able to understand spoken Portuguese. This study was conducted with the approval of the research ethics committee at the Universidade Federal da Grande Dourados, under protocol number 191.877 CAAE 05598912.00000.5160. All eligible participants provided written informed consent prior to participation. Participation in the study was voluntary and no compensation was provided. The treatment offered to individuals who did not participate the study was the same given to participants.
One year after the first investigation (2014-2015), a cohort study was conducted with 1,656 inmates who participated the cross sectional study using the following individuals inclusion criteria: (a) not leave prisons (for any reason) during this period; (b) accepting to be interviewed regarding pre-defined risk-factors associated with reinfection; (c) being susceptible to HCV infection (anti-HCV negative).
An interview was conducted through a questionnaire on socioeconomic and demographic characteristics (personal data) at the moment of recruitment. The variables obtained during the interview included age, sex, marital status, educational level, drug use over the last year, sexual history, history of sexually transmitted infections (STIs), history of blood transfusion, tattoos, piercings, previous surgery, self-reported mental illness, previous incarceration and time in prison. The participant's race/ethnicity (i.e., white, black, asian or multiracial) was selfreported. An anonymous identification number was used to cross-reference information contained in the questionnaires.
HCV exposure was considered present in individuals who were positive for anti-HCV by enzyme immunosorbent assay (ELISA-Murex Diagnostics, UK) and confirmed by "line imunoassay" (INNO-LIA III HCV Ab, Innogenetics, Belgic). Positive samples were submitted to detection of HCV RNA by Real Time HCV assay (qPCR) (Abbott RealTime HCV 1 ). The anti-HIV-1/2 was determined using enzyme immunosorbent assay and confirmed by Western Blot assay as described by Sgarbi et al., 2015 [11] .
The variables evaluated were double entered and checked by Research Electronic Data Capture (REDCap) online database. The processing and analysis were performed using the statistical program SPSS Statistical Software version 15 and STATA version 13. Prevalence rates were calculated with 95% confidence interval. Samples were analyzed with the chi-square test to assess the difference in risk factors between male and female inmates. Univariate analysis was used to assess the association between independent and dependent variables. Variables that were significant (p <0.10) were included in the multivariate analysis by robust Poisson regression model to verify the joint action of possible risk factors. After adjustment, independent variables that maintained association with HCV exposure (p 0.05) were kept in the model. Incidence rates were calculated using person-years which was followed during a one year follow-up study.
Results
Of the 3,771 prisoners randomly selected to participate, 3,368 (89.3%) agreed to be interviewed and also provided biological samples. Of these, 301 (10.4%) individuals declined to participate the study, and 12 (0.3%) refused blood collection (Fig 2) . Out of 3,368, 520 (15.4%) were female (mean age of 31.1 years) and 2,848 (84.6%) were male (mean age of 31.6 years). Sociodemographic characteristics, risk factors, prison variables and prevalence of HCV are presented in Table 1 , according to gender. Significant differences between male and female prisoners were observed for almost all variables, highlighting the importance of analyzing these prisoners separately.
Out of 3,368 participants, most were youths, had no more than primary education (65.8%), and were born in Mato Grosso do Sul state. Of these, 199 females (38%) and 1,536 (54%) male inmates were non-injectable drug users (p<0.01). Low frequency (1.0%) of inmates reported a history of injection drug use (IDU). Use of smoked marijuana was frequently reported (46.7%) among males, followed by the use of cocaine paste (intermediary product of the cocaine preparation process) (29.7%), hashish (17.3%), crack (6.9%), and heroin smoking (1.1%). Sharing needles and syringes was reported only by 3.2% of the participants and were more frequent among female than male prisoners (p<0.01). Both prisoners reported high frequency (68 vs. 66%) of irregular condom use with no difference between the rates. Same sex intercourse was more common among females than males (26% vs. 5%; p<0.01). The mean period of current imprisonment and previously incarceration differed substantially from group to group (p<0.01).
The prevalence of HCV exposure found was 2.4% (80/3,368; 95% CI 1.91-2.95), ranging from 0.7% in PTCG (Presídio de Trânsito de Campo Grande) prison to 4.6% in IPCG (Instituto Penal de Campo Grande) (p<0.001), both located in Campo Grande city. HCV prevalence among females (0.6%; 95% CI 0.20-1.68) was lower than among males (2.7%; 95% CI 2.17-3.37; p = 0.003). The small sample size of anti-HCV positive cases among female inmates limited our ability to detect statistically significant risk factors.
HCV infection was significantly associated among male inmates with age over 30 years, length of incarceration, alcohol consumption, smoking crack, heroin and hashish, injection drug use, needle and syringe sharing, history of blood transfusion, STI, surgery, HIV positivity and more than five sexual partners in the last five years (p<0.05). These variables were included in a multivariate robust Poisson regression model. Age over 40 years, injection drug use, length of incarceration, needles and syringe sharing, HIV positivity and smoking hashish were independently associated with HCV exposure (Tables 2 and 3) .
The presence of HCV RNA was detected in 51 out of 80 anti-HCV positive samples (63.7%) by amplification of the NS5B region through RT-nested PCR.
During cohort study, 1,656 prisoners susceptible to HCV infection were submitted to interview and new blood samples were collected. Among them, 7 new cases of HCV infection were detected and the incidence rate was 0.4/100 person-year. The presence of HCV RNA was detected in 1 out of 7 anti-HCV positive samples. Most HCV incidence cases were among 
Discussion
This study has important implications for public health. The prevalence of HCV exposure of 2.4% (95% CI 1.9-2.9) was approximately two times higher than among the general population (1.38%) and 14 times higher than among the blood donors (0.17%) of Campo Grande, Mato Grosso do Sul [12, 13] . Otherwise, this prevalence is not consistent with previous studies conducted among inmates in Brazil, such as in Sergipe (3.1%), São Paulo (9.0%) and Campo Grande, MS, (4.8%) and higher than in Espírito Santo (1.0%) [14] [15] [16] [17] . Although this prevalence is greater than the prevalence in the general population, the low prevalence found may be due to current low prevalence of HCV exposure in the Midwest region. Additionally, the difference between the prevalence of HCV exposure found in this study compared with the study conducted in the same region by Pompilio et al. (2011) may be explained by the decline in the frequency of injection drug users (10.6% to 1%) [16] . In fact, in recent years, the pattern of drug use in Brazil has changed, resulting in a smaller proportion of IDU which was largely replaced by smoked or inhaled crack cocaine [18] [19] [20] .
When compared to international studies, the prevalence of HCV found in our study was lower than in California (34.3%), Indonesia (34.1%), Italy (22.4%), Iran (7.4%) and Lebanon (3.4%), which could be explained by the low frequency of injecting drug users (1%) in male and female prisoners [21] [22] [23] [24] . In addition to that, there is a law prohibiting the use of illicit drugs in Brazil, inside and outside prisons, leading those who use drugs illegally in prisons to punishment such as increased imprisonment time [25] .
There was a significant difference in HCV exposure between male and female prisoners (p<0.01), with a higher prevalence among males (2.7%) than females (0.6%). This result is similar to those observed by Flisiak et al. (2011) in Poland, probably because males are more exposed to risk factors for infection with hepatitis C than females [26] . Despite comparable rates of reported IDU, a higher percentage of male prisoners reported previous incarceration (62% vs. 40%; p<0.01) and mean (±SD) of length of incarceration (20±27 vs. 12±12 months; p<0.01). This result differs from other studies that reported a predominance of HCV exposure among female inmates [27] [28] [29] .
Increasing age was associated with HCV among male inmates, probably due to prolonged exposure to HCV infection presenting risk behaviors throughout life, which was observed in other vulnerable population groups such as health care professionals, homeless people, drug users, as well as inmates [16, [30] [31] [32] [33] [34] .
In this study, injection drug use was associated with HCV exposure in male inmates as described in other studies with similar populations [22, 35, 36] . In a meta-analysis study, male inmates and injecting drug users were 24 times more likely to be HCV positive than noninjecting drug users [29] . Despite correctional system prohibitions against injection drug use, this practice occurs among male prisoners (2%). Even if the injection drug use may have been omitted by most inmates, because of the stigma, fears of recrimination and punishment, this risk factor was strongly associated with HCV exposure.
High-risk activities such as sharing of sharps for making tattoos and injection drug use are common practices carried out within the prisons [6] . Despite the prohibition, a few prisoners have access to tools for injection drug use, increasing the risk of acquiring blood-borne diseases such as HCV by sharing needles and syringes [37] . In this context, it is not surprising to find that, in our study, syringe and needle sharing remained independently associated with HCV exposure among male inmates.
The longer the incarceration is, the higher the risk of acquiring new infections due to inconsistent condom use or sharing of contaminated needles and syringes [38] . Long imprisonment periods and previous incarcerations may create even more opportunities for HCV acquisition and transmission [37, 39] . Moreover, poor diagnosis and lack of knowledge regarding HCV transmission or medical treatment might influence the risk for HCV. In fact, this is consistent with our results which found association between HCV exposure and longer than 48-mounth incarceration period and, also observed new cases of HCV infection during the cohort study.
Moreover, this study demonstrated a high prevalence rate of HCV/HIV coinfection (11.1%) among male inmates probably due to the similarity in the transmission routes of these infections. Prisoners are known to engage in various activities that are considered risk factors for HCV/HIV coinfection, including high-risk sexual behaviors, sharing of needles/syringes and several types of paraphernalia for tattoos and drug use [16, 40, 41] . This is the first study of incidence of HCV infection involving Brazilian prison inmates. Despite of the low incidence rate, this data demonstrates that high-risk behavior already occur and highlight the importance of the prevention of this infection inside prisons [42, 43] . The potential to identify the exact mechanism through which seven inmates were infected was limited by our study design, and by self-reported risk behaviors, such as drug use. [42, 44] . Nevertheless, risk behaviors reported by new HCV cases should be interpreted with caution.
A study conducted in Scottish prisons found that the availability of needles and syringes at harm reduction programs for intravenous drug use, reflected in a lower incidence and thus lower prevalence of HCV [43] . Unfortunately, Brazilian prisons have not yet recognized the importance of access to effective prevention strategies to reduce the transmission of bloodborne infections in the facilities. This is because drug use prevention initiatives in prisons are implemented from a repressive perspective and not from a public health one [45] .
Furthermore, the Brazilian criminal code includes neither death penalty nor life sentence. The prison system, with rare exceptions, fails to rehabilitate and reinsert prisoners into society. Indeed, a high rate of recidivism (above 60%) was found in our study starting the cycle anew. Therefore, due to the high turnover of inmates between prisons and the community, the epidemics of HCV infection combined with injection drug use among this population becomes a public health problem [46, 47] .
There were some strengths and limitations to this study. Some behavior risks may have been under-reported due to discrimination and stigma, leading to underestimating potential risk factors associated with HCV exposure. Moreover, this cross sectional survey was not designed to provide the temporal relationship between risky behaviors and HCV exposure in the male inmate population. Moreover, the small number of HCV exposure among female inmate population affected the analysis of risk factors among them. The limited number of positive cases in incidence study might also complicate the determination of risk factors. Despite these limitations, our study, having a large sample size, is representative of this population group and has important implications which would contribute to a clearer scenario of the most relevant risk factors for HCV exposure.
The new cases detected inside prisons reinforce the urgent need to plan effective prevention strategies and control HCV infection in the prison system environment in order to reduce the susceptibility for this infection, given the crowded conditions, uncontrolled exposure to illicit drugs and absence of serological screening at the time of imprisonment. The screening serological test and monitoring of IDUs in the prison system, making possible assess implementation of harm reduction strategies (exchange of syringes/needles). In addition, it is necessary to take health education measures directed to the prison population on risk factors associated to viral hepatitis. Finally, studies using phylogenetic analysis will also help to understand HCV transmission routes within this population.
